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■ Abstract Background: Studies of groups at high risk
of developing schizophrenia have tended to be based on
subjects recruited to the study in their infancy. This pa-
per reports on subjects at genetic high risk for schizo-
phrenia assessed as young adults, close to the age when
most onsets of schizophrenia occur. Methods: One hun-
dred and fifty-five young people at elevated risk for the
development of schizophrenia and 36 controls not at in-
creased risk were assessed on entry to the Edinburgh
High Risk Study. The measures included current psy-
chotic symptoms, past and present cannabis and other
drug use, lifetime life events and two aspects of genetic
liability to schizophrenia. Results: Cannabis and other il-
licit drug use were significantly associated with symp-
toms in both groups. The same held true for the more
upsetting life events experienced, but not for less upset-
ting ones.Within the high-risk group, there was no rela-
tionship between symptoms and a measure of genetic
loading, but there was some slight evidence of a higher
risk of symptoms when affected relatives were on the fa-
ther’s rather than the mother’s side of the family. Con-
clusions: Cannabis use,use of other illicit substances and
upsetting life events may all lead to psychotic symptoms
in vulnerable young people.

Introduction

The Edinburgh High Risk Study [1–3] seeks to assess
young people at enhanced risk of schizophrenia for ge-
netic reasons at a time before illness develops and to
monitor their progress through the critical years during
which most onsets of schizophrenia occur.It differs from
the generality of such high risk studies in that the subjects

are recruited,not as infants,but as young adults,when the
matter of whether or not they are likely to develop schiz-
ophrenia is likely to be resolved within 5–10 years. None
of the subjects was clinically ill on entry to the study, but
several of them did manifest one or more psychotic
symptoms (e. g. isolated hallucinations). In the current
paper we present some of the data on variables that might
be either causes or triggers for psychotic symptoms;
namely, two aspects of genetic liability, subjects’ past al-
cohol and illicit drug use and their life events prior to en-
try to the study.For most of these variables,a comparison
group of subjects without symptoms or illness is avail-
able, although, unfortunately, a further comparison
group of first-episode schizophrenic patients could not
be used because data on life events were unobtainable on
nearly half of them.The expectations are that adverse lev-
els of all the variables listed will be associated with symp-
toms. In addition, following Norman and Malla [4], we
tested the hypothesis of an interaction between life stress
and genetic liability, i. e. that symptoms would be associ-
ated with high levels of genetic risk coupled with low lev-
els of stress or low levels of risk coupled with high levels
of stress.

It has long been known that there is a familial compo-
nent to schizophrenic illness.Approximately 13 % of peo-
ple with a parent who suffered from schizophrenia de-
velop the illness, as against only about 1 % in the general
population [5]. Furthermore, the risk of schizotypy, a
condition featuring odd behaviour and some psychotic
or near psychotic symptoms is high in this group [6,7].In
the current study we explore the relationships between a
new quantitative measure of the genetic loading in our
high-risk subjects and their tendency to develop psy-
chotic symptoms.Another aspect examined is the possi-
bility of genomic imprinting, i. e. that it matters from
which parent the faulty genes are derived. This possibil-
ity does not seem to have been extensively investigated,
and there appear to have been no studies as yet bearing
on the question of lifetime risk of developing schizo-
phrenia from maternal as against paternal transmission.
However,three studies [8–10] all found no imprinting ef-
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fect on the age of first onset for schizophrenic patients,
and two of these [8, 10] disagree as to whether maternal
transmission is associated with the negative symptoms
of schizophrenia. However, both studies are based on
rather small numbers,particularly of paternal transmis-
sions. Another much larger investigation [11] found no
evidence of a parent of origin effect for schizophrenic ill-
ness, but there have been no studies to our knowledge of
the association of modes of transmission with psychotic
symptoms rather than illness.

Clearly, there is at present no simple complete and
sufficient genetic explanation for schizophrenia, and
several suggestions have been put forward of other fac-
tors that may be involved. One of these, which has been
extensively studied, is the role of life events. This issue
was initially addressed in the 1960 s [12, 13], with the
finding that people with schizophrenia had experienced
more life events prior to illness onset than had normal
controls. The authors of one review [4] conclude that
there is a relationship between stressors and schizo-
phrenic symptoms over time. In particular, it seems that
life stressors tend to cluster in the period (3 weeks to 3
months) immediately preceding onset of schizophrenia.
One exception to this is a more recent study carried out
in India [14], which found that the main clustering oc-
curred 3–6 months prior to onset. The authors also sug-
gest that summation of several minor stressors may not
be equivalent to a single major stressor in causing onset.
Three studies [15–17] found that life stress appeared to
be more potent for first rather than subsequent onsets.
One investigation [18] did not find this. In the present
study we divide life stressors prior to entry into the
study into major, intermediate and minor stressors, and
examine the relationships to psychotic symptoms.

The role of substance misuse in precipitating psy-
chotic symptoms is well established. The use of lysergic
acid diethylamide (LSD) is associated with sensory dis-
tortions and hallucinations, which generally resolve
over a matter of days, although characteristically tran-
sient flashbacks may occur months after drug use has
ceased [19]. The fact that amphetamines can produce a
state which, although temporary, may resemble para-
noid schizophrenia is very well established [20, 21].
Paranoid symptoms of a similar nature may accompany
the use of cocaine, psilocybin and phencyclidine [22].
The nature of the relationship between cannabis use and
psychosis has caused more controversy. Evidence that
cannabis is an independent risk factor in the develop-
ment of schizophrenia comes from a prospective study
of Swedish conscripts who were followed up over a 15-
year period [23, 24]. The relative risk of developing
schizophrenia was 2.4 for cannabis users and 6.0 for
heavy users of the drug when compared with non-users
at conscription. However, another study [25] suggests
that there may be causation in both directions.Although
the view that there is a ‘cannabis psychosis’ with perhaps
a less pessimistic outlook than schizophrenia has been
put forward [26], the evidence is against this [27]. The
use of cannabis among schizophrenic patients is associ-

ated with greater severity of psychotic symptoms and
earlier and more frequent relapses [28, 29], and its use
among healthy people with schizotypal symptomatol-
ogy [30]. Both drug and alcohol misuse in schizophrenic
patients are associated with a more malignant course
and a worse prognosis [31, 32].

Subjects and methods

■ The sample

The high-risk group consisted of 155 subjects aged 16–25 (mean age
21) who, on entry to the study, had never received a diagnosis of seri-
ous psychiatric disorder, but had at least two first- or second-degree
relatives who suffered from schizophrenia. This group was recruited
throughout Scotland by a painstaking process involving scrutiny of
psychiatric case notes followed by approaches to adolescent relatives
of patients. A control group of 36 subjects with no known family his-
tory of psychotic illness,comparable to the high-risk group in age, sex
and social class, was obtained partly from Edinburgh youth groups
and partly from the social network of the high-risk individuals. The
size of this group was chosen to match the maximum number of the
high-risk subjects who might be expected to develop schizophrenia:
the planned comparisons being between the high-risk subjects who
become schizophrenic, people with first-episode schizophrenia from
families not at risk, well controls and high-risk subjects who do not
develop schizophrenia. After detailed description of the study to the
subjects, written informed consent was obtained from each of them.

■ Measures

Symptoms

On entry to the study, all subjects received the Present State Exami-
nation (PSE) [33] and other clinical assessments. Patients were classi-
fied as having psychotic symptoms if, according to specified PSE
items, listed elsewhere [2], they showed evidence of delusions, hallu-
cinations or other behaviour commonly present in schizophrenia. In
no case were these symptoms sufficiently severe to meet any estab-
lished operational definition for schizophrenic or related psychotic
illness, and the subjects did not regard themselves as ill.

Genetic liability

Genetic liability was approached from two points of view. Firstly, we
used a quantitative scale of the intensity of genetic loading, which is
described elsewhere [34]. Briefly, a multifactorial polygenic model of
schizophrenia is assumed with a heritability (squared) of 0.7. The
measure takes into account the genetic relationships of all individu-
als in each high-risk family to each other and assumes a prevalence of
0.5 for schizophrenia. The scale generated is a continuous measure
running from –0.17, indicating low liability, to 0.70 indicating high li-
ability. Within this sample it is bimodal, with one mode at 0.0 and the
other at 0.38.

Secondly we used a dichotomy established by scrutiny of the fam-
ily trees to determine whether the genetic liability was present in the
mother’s or the father’s side of the family.

Alcohol and illicit drug use

Data concerning past and present use of alcohol, cannabis and illicit
drugs other than cannabis were established by face-to-face interviews
with the subjects.

Life events

The 61-item Schedule of Recent Experiences [35] was administered
on entry to the study. Subjects recorded whether each item had ever
happened to them in their lifetime and, if so, when. Using established
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norms, the scale was divided into the most upsetting 20 events, to be
termed ‘major stressors’, the next 20, termed ‘intermediate stressors’
and the least upsetting 21, termed ‘minor stressors’.

■ Analyses

Data analyses were all carried out by predicting symptom status at in-
duction to the study using logistic regression. Except for the genetic
measures, where the control group was omitted, these analyses in-
volved assessing the improvement to the model on entering first the
group variable (i. e.high-risk vs control),and then one of the variables
under study, e. g. cannabis use.

Results

Table 1 shows the findings on the two genetic measures
included. Within the high-risk group, there was no ten-
dency for subjects with higher genetic liability to be
more prone to develop psychotic symptoms. However,
subjects whose high risk derived from the father’s side

of the family were significantly more likely to show
symptoms than other high-risk subjects.

Thirty-nine high-risk subjects had symptoms, com-
pared to only four controls. When the group variable
(high-risk/control) is entered into a logistic regression
equation to predict symptoms, this difference is just sig-
nificant using the improvement in model fit as the crite-
rion (change in –2log likelihood=3.89 df 1, P=0.049).
Table 2 sets out the findings when other predictor vari-
ables are entered after the group variable.

Those who used cannabis or other illicit drugs,
whether currently or in the past, were significantly more
likely to have symptoms. Generally, the more frequently
the drugs were used, the more likely were symptoms to
be observed. Lifetime experience of major stressors was
also a highly significant predictor of symptoms. How-
ever, there were no significant findings for past or pres-
ent alcohol use (improvement χ2 values for past and cur-
rent levels of alcohol use per week were respectively
0.80, df=2, and 0.01, df=2, after entering group member-

Table 2 The effects of use of cannabis, other illicit drugs and major stressors on psychotic symptoms

Controls with no Controls with High-risk with no High-risk with Odds ratiosa Improvement
symptoms N (%) symptoms N (%) symptoms N (%) symptoms N (%) (95 % CI) χ2 (df, P)b

Current cannabis use
None 27 (84.4) 2 (50.0) 83 (72.8) 22 (56.4)
Occasional 5 (15.6) 0 (0.0) 25 (21.9) 9 (23.1) 1.3 (0.5–3.1) 13.0 (2, < 0.01)
Frequent 0 (0.0) 2 (50.0) 6 (5.3) 8 (20.5) 7.4 (2.4–22.6)

Past cannabis use
None 13 (40.6) 2 (50.0) 53 (46.9) 13 (33.3)
Occasional 19 (59.4) 1 (25.0) 52 (46.0) 15 (38.5) 1.0 (0.5–2.2) 12.7 (2, < 0.01)
Frequent 0 (0.0) 1 (25.0) 8 (7.1) 11 (28.2) 6.1 (2.1–17.6)

Current use of other drugs
None 30 (93.8) 1 (25.0) 99 (86.8) 25 (64.1)
Occasional 2 (6.2) 2 (50.0) 12 (10.5) 12 (30.8) 4.9 (2.1–11.6) 14.9 (2, = 0.001)
Frequent 0 (0.0) 1 (25.0) 3 (2.6) 2 (5.1) 5.0 (0.9–26.8)

Past use of other drugs
None 21 (65.6) 2 (50.0) 77 (67.5) 16 (41.0)
Occasional 9 (28.1) 1 (25.0) 30 (26.3) 16 (41.0) 2.4 (2.1–5.1) 10.2 (2, < 0.01)
Frequent 2 (6.3) 1 (25.0) 7 (6.1) 7 (17.9) 4.9 (1.7–14.7)

Major life stressors
None 11 (36.7) 0 (0.0) 40 (37.7) 6 (17.6)
One 6 (20.0) 1 (25.0) 27 (25.5) 5 (14.7) 1.5 (0.5–5.2)
Two 6 (20.0) 1 (25.0) 15 (14.2) 7 (20.6) 3.4 (1.0–11.2) 12.8 (4, < 0.05)
Three 3 (10.0) 1 (25.0) 13 (12.3) 7 (20.6) 4.2 (1.3–14.2)
Four 4 (13.3) 1 (25.0) 11 (10.4) 9 (26.5) 5.9 (1.8–19.6)

a Odds ratios of having symptoms, with reference groups ‘no drug usage’ or ‘no major life events’
b Change in –2log likelihood for entry of the variable after the group variable (control/high-risk)

No symptoms Symptoms Significance in
predicting
symptoms+

Genetic liabilitya: median (N, 95 % CI) 0.24 0.15
(116, 0.17–0.36) (39, 0.05–0.38) Mann-Whitney U

Z=0.70 NS
Maternal or paternal gene transmission N (%)

Maternal 80 (80.8 %) 19 (19.2 %)
Paternal 34 (64.2 %) 19 (35.8 %) Fisher exact

probability=0.031

a Continuous but bimodal measure (see text)

Table 1 Genetic liability and psychotic symptoms
within the high-risk group
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ship) or for ‘intermediate’ and ‘minor’ stressors (im-
provement χ2 values of 9.4, df=6 and 2.8, df=7 respec-
tively).

It is noteworthy that, on those variables where signif-
icant differences were found there are no differences in
the overall rates (i. e. not making the distinction symp-
tom vs no symptom) in the control and high-risk
groups. The figures are:
• Current cannabis use: controls 19.4%,high-risk group

31.4 %, χ2=2.00 NS
• Current other drugs: controls 13.9%,high-risk group

19.0 %, χ2=0.54 NS
• Past cannabis: controls 58.3%,high-risk group

56.6 %, χ2=0.04 NS
• Past other drugs: controls 36.1%,high-risk group

39.2 %, χ2=0.12 NS
• Major stress: median controls 1.0, median

high-risk 1.0,Mann-Whitney U
test: control mean rank 88.1,
high-risk mean rank 87.4,
Z=0.08 NS

The hypothesis that, for the high-risk group, subjects
whose genetic liability was highest would develop symp-
toms at lower levels of life stress was tested on five dif-
ferent measures of stress. Firstly, total levels of stress for
each subject were assessed by summing the numbers of
events experienced, each event being weighted by the
mean scale value assigned to it by the authors of the
scale [35]. Two similar scores were derived including
only major stressors and only intermediate stressors.
The fourth measure was the scale score of the most up-
setting event experienced in the past 2 years, and the
fifth, the scale score of the most upsetting event ever ex-
perienced. Five logistic regression analyses were then
run testing the interaction between genetic liability and
each of the stress measures in turn in predicting symp-
toms. Five similar analyses were run involving maternal
or paternal gene transmission and symptom status. In
none of these analyses was there a significant interac-
tion.

Discussion

This study considered psychotic symptoms on entry to
the study rather than clinically diagnosed illness at a
later date. This is because, so far, only ten subjects, all of
them within the high-risk group, have become clinically
ill. It seems plausible that, at a later stage in the study,
most or all of the results will be found to apply to asso-
ciations with psychiatric disorder itself. In addition, the
diagnosis of schizophrenia is made on standardised but
arbitrary criteria, and studying the antecedents of
symptoms that make up that diagnosis is of consider-
able interest.

The first set of possible causes of psychotic symp-
toms in young people at high risk is simply genetic lia-
bility. Within the high-risk group, we found no sign of
any increased tendency to develop symptoms in those at

higher risk according to our main measure of genetic li-
ability. However, if the liability stemmed from the fa-
ther’s side of the family, there was a slight but significant
increase in the numbers of subjects with at least one psy-
chotic symptom. Concerning the second area explored,
both the use of cannabis and the use of other illicit drugs
predicted symptoms, although alcohol use did not. The
experience of major life stressors before entry into the
study was related to the occurrence of symptoms, but
there was no indication of an interaction between life
stress and genetic liability.

Our failure to demonstrate a relationship between
the main genetic liability measure and current psychotic
symptoms is in contrast to our findings in neuropsy-
chological and brain imaging studies of the same sub-
jects [1, 3]. This may reflect that the analyses carried out
here are within the group of subjects at high risk,and the
range of variation is somewhat limited as there are no
families in which both parents are affected. In addition,
as the average age of the subjects was only 21, the period
of risk for symptom development is by no means over.

Our finding of greater risk of psychotic symptoms
from apparent paternal transmission does not seem to
have been tested elsewhere in the literature,and needs to
be replicated, particularly as the effect only just reached
significance without correction for number of tests.

Turning to the use of cannabis and other illicit drugs,
both the controls and the high-risk group show indica-
tions (Table 2) of dose-response relationships – the
higher the drug usage the more likely the presence of
psychotic symptoms. Unfortunately it is not possible to
test whether the relationships might be stronger in the
high-risk as compared to the control group, as the num-
ber of controls with symptoms is too small. It is, how-
ever, interesting that the overall rates, irrespective of
symptoms, of illicit drug use for the control and high-
risk groups are not significantly different. The control
subjects are, of course, unlikely to be currently using
cannabis in response to psychotic symptoms. This
would be possible only for the two controls who actually
used cannabis. For the high-risk group there is, a priori,
a greater likelihood that they might use cannabis or
other drugs as self-medication for symptoms. However,
if this were so, one would expect the rates of use to be
higher in the high-risk group than in the controls. There
was, in fact, no significant difference, although it is pos-
sible that with larger numbers there might have been.
Furthermore, past cannabis use was associated with
present symptoms. Self-medication for psychotic symp-
toms is, therefore, unlikely to afford a complete explana-
tion of the association in the high-risk subjects.We con-
clude that both cannabis and the use of other illicit
drugs are likely to precipitate psychotic symptoms. This
is in line with findings in other studies [23–25, 28, 36,
37]. This is not to say that the illicit drugs referred to
here can cause psychoses in their own right; rather, they
may well act as precipitants in the otherwise predis-
posed.

Life stressors are associated with symptoms. In this
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study, it is difficult to be sure about the direction of cau-
sation, as symptom onset dates are not known and could
have been before the events.However, the overall rates of
events within the high-risk and control groups are sim-
ilar, suggesting, as in the case of illicit drugs, that the
events may be causal. It is noteworthy that the associa-
tion concerns major stressors only. Thus, if life stress is
a triggering factor for symptoms, then it may be that se-
riously upsetting events are required. Aggregation of
several smaller stresses does not appear to be sufficient.

Our findings have clinical as well as aetiological im-
plications. Physicians who are aware that some of their
younger patients have a family history of schizophrenia
and regularly use illicit drugs, or have been exposed to
major life stress, may wish to monitor them closely and
advise them to reduce their illicit drug consumption.We
have,of course,not examined whether this would reduce
symptoms (or avoid any possible progression to schizo-
phrenia) but such a strategy would at least aid early de-
tection and may even be preventative.
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